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(54) Light-emission modulation having effective scheme of creating gray scale on image 



(57) A clock generating part (11) generates a high- 
frequency clock signal having a frequency higher than 
that of a pixel clock frequency; a serial modulation signal 
generating part (13) generates a serial modulation sig- 



nal having a serial pulse sequence based on the high- 
frequency clock signal,' and, light emission is modulated 
according to the serial modulation signal, and, thus, 
each pixel of an image is formed according to the pixel 
clock frequency. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a light-emis- 
sion modulation scheme, and, in particular, to an opti- 
mum pulse modulation signal generation circuit for mod- 
ulating an optical output of a light source, a semicon- 
ductor laser modulation device equipped with it, an op- 
tical scanning device, and an image formation device, 
applied to a laser printer, an LED printer, an optical disk 
device, a digital copier, an optical-communications de- 
vice, etc., employing the light-emission modulation 
scheme. 

2. Description of the Related Art 

[0002] As a type of modulating an optical output of a 
light source, there are a power modulation type of mod- 
ulating the amount of light itself, a pulse-width modula- 
tion type of modulating the emission time of the light, a 
power and pulse-width combined modulation type. Gen- 
erally, the pulse-width modulation type is commonly 
used. There, a triangular wave or a saw-tooth wave cor- 
responding to each pulse generating period is generat- 
ed, it is compared with an analog video signal using a 
comparator, a pulse width modulation signal is generat- 
ed. Alternatively, delay pulses may be generated by us- 
ing a high frequency clock signal and performing fre- 
quency dividing on the clock signal in a digital manner, 
and a pulse width modulation signal is generated 
through performance of logical sum or logical product 
thereon. 

[0003] In recent years, in a laser printer, a digital cop- 
ier, and another image formation device, a further im- 
provement in operation speed is desired. However, 
when the above-mentioned triangular wave or saw- 
tooth wave is used, it is difficult to improve operation 
speed while securing linearity/reproducibility of the tri- 
angular wave or saw-tooth wave. 
[0004] In case applying a scheme of performing fre- 
quency dividing in a digital manner a high frequency 
clock signal, the highest operation frequency depends 
on the device applied, and has a problem in that it is 
difficult to improve the operation speed while securing 
the gray scale characteristics of an output image. For 
example, in order to achieve 256-step gray-scale mod- 
ulation by using a pixel clock signal of 50 MHz, it is dif- 
ficult to provide a triangle wave or saw-tooth wave hav- 
ing a satisfactorily linearity and swing in a period of 20 
ns. In case of digital frequency dividing scheme, it is dif- 
ficult to provide a clock signal having a frequency of 50 
MHz X 256= 12.8 GHz. 



SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
a pulse modulation signal generation circuit which ena- 

5 bles generation of a pulse modulation signal of a desired 
pattern arbitrarily with a simple configuration, and, 
thereby, even in case the operation frequency is very 
high, fine gray-scale characteristics can be achieved on 
an output image. 

w [0006] A pulse modulation signal generating circuit 
according to the present invention includes: 

a clock generating part (11) generating a high-fre- 
quency clock signal having a frequency higher than 
15 that of a pixel clock frequency; and 

a serial modulation signal generating part (13) gen- 
erating a serial modulation signal having a serial 
pulse sequence based on the high-frequency clock 
signal, 

20 

wherein light emission is modulated according to 
the serial modulation signal, and, thus, each pixel of an 
image is formed according to the pixel clock frequency. 
[0007] The pulse modulation signal generating circuit 

25 may further include a modulation data generating part 
(12) generating modulation data comprising a predeter- 
mined bit pattern according to given image data, the se- 
rial modulation signal generating part generating the se- 
rial modulation signal based on the modulation data. 

30 [0008] The above-mentioned modulation data gener- 
ating part may include a look-up table (1 22) for convert- 
ing given image data into the corresponding modulation 
data. 

[0009] According to the present invention, no complex 
35 configuration is needed for generating a predetermined 
pulse pattern, and the pulse modulation signal genera- 
tion circuit can achieve a fine gray scale on an image 
with a simple configuration while a speed of operation 
is high. Moreover, it becomes possible to form an image 
40 with an arbitrarily time interval without using a periodic 
pixel clock which determines 1 dotorl pixel by applying 
the above-mentioned configuration to an image forma- 
tion device. 

[0010] Moreover, a semiconductor laser modulation 
45 device, an optical scanning device, and an image for- 
mation device of small size, low.cost, and power saving 
can be provided by making the pulse modulation part 
and high frequency clock generation part into an inte- 
grated circuit in one chip. 
50 [001 1] An exposure method according to the present 
invention includes the steps of: 

a) driving a light- emitting unit according to modula- 
tion signal; and 
55 b) exposing a photoconductor while scanning it with 
a laser beam emitted by the light-emitting unit, 



wherein: 
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the modulation signal comprises a pulse sequence; 
and 

an exposure energy distribution in which the photo- 
conductor is exposed is determined as a result of 
control of both a pulse width and a pulse pattern of 
the pulse sequence. 

[0012] There, as a result of control of the exposure 
energy distribution, a density of a latent image formed 
on the photoconductor may be controlled on each posi- 
tion/pixel. 

[001 3] The exposure energy distribution may thus be 
controlled not only by control of total light-emission time 
interval during each unit time or each pixel but also by 
control of light-emission timing there. 
[0014] Thus, by controlling the exposure energy dis- 
tribution, it becomes possible to make steep the rising/ 
decaying part of the exposure energy distribution as 
shown in FIG. 46, and to easily control the linearly in 
width of the exposure energy distribution (namely, the 
diameter of a relevant dot in the image thus formed) by 
changing the pulse width and the pulse pattern in the 
optical modulation signal. 

[0015] Furthermore, as shown in FIGS. 47 and 48, it 
becomes possible to control image density/gray scale 
(i.e., the diameter of a relevant dot for every pixel) still 
more finely than the frequency of the clock pulse of the 
image clock (pixel clock) signal. 
[001 6] Specifically, in the example of FIGS. 47 and 48, 
although the frequency of the image clock signal has 
eight periods per pixel, it becomes possible achieve total 
19 steps of the exposure energy distribution thus be- 
yond twice thereof, and, achieve densities/gray scale 
(dot diameters) in the same number as a result adopting 
a pulse pattern like this. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other objects and further features of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the following accompanying drawings: 

FIG. 1 shows a conceptual diagram of one embod- 
iment of a pulse modulation signal generation circuit 
according to the present invention; 
FIG. 2 shows a dot image in pulse modulation ac- 
cording to the present invention with reference to 
the configuration shown in FIG. 1; 
FIGS. 3, 4 and 5 illustrate dot images on pulse width 
modulation signals according to the related art; 
FIG. 6 illustrate dot images on pulse width modula- 
tion signals according to the present invention with 
reference to the configuration shown in FIG. 1 ; 
FIG. 7 illustrates a look-up table (LUT) which may 
be used in the modulations data generation part 
shown in FIG. 1; 

FIG. 8 illustrates another example of dot images on 



the pulse width modulation signals according to the 
present invention with reference to the configura- 
tion shown in FIG. 1; 

FIGS. 9, 10 and 11 illustrate specific examples of a 
5 shift register which may be used in the serial mod- 
ulation signal generation part shown in FIG. 1 ; 
FIG. 12 shows block diagram of a specific example 
of pulse modulation signal generation circuit ac- 
cording to the present invention; 
10 FIGS. 13, 14 and 15 illustrate specific examples of 
multi-row shift register: 

FIG. 16 illustrates timing charts of signals on the 
configuration shown in FIG. 15; 
FIGS. 17A, 17B, 18A, 18B, 18C, 18D, 18Eand 18F 
15 illustrate specific examples of applying a plurality of 
look-up tables; 

FIGS.. 19, 20 and 21 illustrate examples of manner 
of changing output pulse sequence according to the 
present invention with reference to FIG. 1 ; 

20 FIG. 22 illustrates an example of configuration of 
inversion clock generation circuit which can be used 
in the present invention with reference to FIG. 1 ; 
FIG. 23 illustrates a specific example of multi-phase 
clock generation circuit which can be used in the 

25 present invention with reference to FIG. 1 ; 

FIG. 24 illustrates timing charts on signal on the 
configuration shown in FIG. 23; 
FIG. 25 shows a circuit diagram of delay amount 
control part which may be used in another example 

30 of multi-phase clock generation circuit which can be 
used in the present invention with reference to FIG. 
1; 

FIG. 26 illustrates timing charts on signal on the 
configuration shown in FIG. 25; 
35 FIG. 27 shows a circuit diagram of a specific con- 
figuration of a delay amount control part shown in 
FIG. 25; 

FIG. 28 shows a block diagram of a multi-phase 
clock generation circuit applying the delay amount 

40 control part shown in FIG. 25; 

FIG. 29 illustrates timing charts on signals on the 
configuration shown in FIG. 28; 
FIG. 30 shows a block diagram of another specific 
example of the multi-phase clock generating circuit; 

45 FIG. 31 shows a specific example of a semiconduc- 
tor laser modulation device, an optical scanning de- 
vice and an image formation device, applying the 
pulse modulation signal generation circuit accord- 
ing to the present invention with reference to FIG. 1 ; 

50 FIG. 32 shows a block diagram of a specific exam- 
ple of pulse modulation signal generation circuit 
used for a multi-beam scanning system according 
to the present invention with reference FIG. 1 ; 
FIG. 33 shows an overall configuration of a mufti- 

55 beam scanning device used in an image formation 
device according to the present invention with ref- 
erence to FIG..1; 

FIG. 34 shows a configuration of a two-channel 
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semiconductor laser array useable in the device 
shown in FIG. 33; 

FIG. 35 shows a configuration of a light source unit 
of multi-beam scanning device usable in the device 
shown in FIG. 33; 5 
FIG. 36 shows another example of configuration of 
the light source unit of multi-beam scanning device 
usable In the device shown in FIG. 33; 
FIG. 37 illustrates beam spot arrangements made 
by the light-source units shown in FIGS. 35 and 36; 10 
FIG. 38 shows a specific configuration of another 
example of light source unit of multi-beam scanning 
device usable in the device shown in FIG. 33; 
FIG. 39 shows a configuration example of a four- 
channel semiconductor laser array; 15 
FIG. 40 shows a state in which the multi-beam scan- 
ning device is mounted in an optical housing ac- 
cording to the present invention with reference to 
FIG. 1; 

FIG. 41 shows an example of image formation de- 20 
vice applying the optical scanning device according 
to the present invention with reference FIG.1 ; 
FIG. 42 shows atypical example of configuration of 
a laser beam exposure device used in an image for- 
mation device of an electro-photographic type; 25 
FIG. 43 shows a block diagram of an image clock 
signal and optical modulation signal output unit ac- 
cording to the present invention; 
FIG. 44 shows a block diagram of another example 
of the image clock signal and optical modulation sig- so 
nal output unit according to the present invention; 
FIG. 45 illustrates laser beam exposure energy dis- 
tributions on optical modulation patterns in the re- 
lated art; 

FIG. 46 illustrates laser beam exposure energy dis- 35 
tributions on optical modulation patterns according 
to the present invention with reference to FIGS. 43 
and 44; 

FIG. 47 illustrates an example of optical modulation 
patterns according to the present invention with ref- 40 
erence to FIGS. 43 and 44; 
FIG. 48 illustrates another example of optical mod- 
ulation patterns according to the present invention 
with reference to FIGS. 43 and 44; 
FIG. 49 shows a flow chart illustrating a laser beam 45 
exposure method according to the present inven- 
tion with reference to FIGS. 43 and 44; 
FIG. 50 shows a side sectional view roughly illus- 
trating an internal configuration of a digital copying 
machine according to the present invention with ref- so 
erence to FIGS. 43 and 44; 
FIG. 51 shows a side sectional view roughly illus- 
trating an interna! configuration of a laser printer ac- 
cording to the present invention with reference to 
FIGS. 43 and 44; and 55 
FIG. 52 shows a side sectional view roughly illus- 
trating an internal configuration of an ordinary paper 
facsimile machine according to the present inven- 



tion with reference to FIGS. 43 and 44; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] A basic concept of a pulse modulation signal 
generation circuit according to the present invention is 
illustrated by FIG. 1 . In FIG. 1 , the pulse modulation sig- 
nal generation circuit 1 0 includes a high frequency clock 
generation part 11, a modulation data generation part 
12, and a serial modulation signal generation part 13. 
[0019] The high frequency clock generation part 11 
generates a high-frequency clock signal VCLK having 
a period much shorter than a basic period correspond- 
ing each dot of image in general. The modulation data 
generation part 12 generates modulation data which ex- 
presses a desired bit pattern (pulse pattern) based on 
image data given from the outside, such as by an image- 
processing unit which is not shown. 
[0020] The serial modulation signal generation part 
13 inputs the modulation data output from the modula- 
tion data generation part 12, converts it into a serial 
pulse pattern sequence (pulse sequence) based on the 
high frequency clock signal VCLK, and outputs it as a 
pulse modulation signal PM. In addition, in case the 
modulation data from the outside is directly input into 
the serial modulation signal generation part 13, for ex- 
ample, the modulation data generation'part 12 may be 
omitted accordingly. 

[0021] A feature of this pulse modulation signal gen- 
eration circuit 10 is to input modulation data into: the 
serial modulation signal generation part 13, and output 
serially the pulse sequence corresponding to the bit pat- 
tern of modulation data based on the high frequency 
clock signal of a very high frequency much 1 higher than 
the pixel clock signal, and generate the pulse modula- 
tion signal PM. As the serial modulation signal genera- 
tion part 13, as will be described later, shift-registers 
may be used. Thus, in comparison to the related arts, it 
is possible to simplify the configuration, and, thus, to 
provide a high-speed, operation-variable'pulse modula- 
tion signal generation circuit with a simple configuration. 
[0022] A conceptual view of a pulse output image by 
the present invention will now be described with refer- 
ence to FIG. 2. Here, an image for outputting a pulse 
sequence corresponding to 1 dot will be discussed for 
simplification of description. Since it is possible to output 
a pulse sequence one by one serially in case 1 dot is 
formed by eight pulses as shown in FIG. 2 for example, 
it is possible to output a desired pulse on a desired po- 
sition of the dot by setting each of the eight pulse as ON 
(for example, black) or OFF (for example, white). Of 
course, it is not necessary to say that the present inven- 
tion is not limited to such a 1 -dot width manner, as men- 
tioned above. 

[0023] FIGS. 3 through 5 show examples of pulses 
generated using pulse width modulation circuits in the 
related art, respectively, in case 1 dot is formed by eight 
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pulses. FIG. 3 illustrates an example of forming pulses 
from the right, FIG. 4 illustrates an example of forming 
pulses from the left,- and FIG. .5 illustrates an example 
of forming pulses from the inside. Thus, according to the 
related art, outputting desired pulses on desired posi- 
tions of the dot, as shown in FIG. 6, cannot be per- 
formed. Even it can be performed, a complex configu- 
ration is needed therefor in the related art. 
[0024] An example of a pulse output image according 
to the present invention is illustrated by FIG. 6. Here, for 
the sake of simplification, the example of a pulse output 
which includes four pulses on 1 dot, i.e., P1 through P4, 
as shown in the figure. As shown in FIG. 6, since output 
of pulses on arbitrary positions of 1 dot is possible, the 
output of pulse sequence in 2 4 = 16 different types of 
patterns is possible in the case of four pulses. Similarly, 
in a case of five pulses, it is 2 5 = 32 different types, and, 
in a case of six pulses, 2 6 = 64 different types are avail- 
able. Such a pulse sequence of an arbitrary pattern is 
easily generable by using a look-up table (LUT), for ex- 
ample. 

[0025] One case of operation at a time of using a LUT 
for the modulation data generation part*12.of FIG. 1 is 
illustrated in FIG. 7. FIG. 7 shows an example of con- 
figuration in case of storing 1 6 types of bit' patterns of 4 
bits, P1 -P4, i.e., four pulses, shown in FIG. 6, into a look- 
up table (LUT) 1220. In FIG. 7, a LUT 1220 includes 4 
bits along horizontal direction, while includes 16 col- 
umns in vertical direction, and, thus, includes total.64 
bits. Further, 1 6 addresses of 0000 through 1111 are giv- 
en. Therefore, it is possible by inputting image data as 
address data to output a bit sequence (pulse sequence) 
P1 through P4 for a desired pattern as modulation data. 
[0026] Moreover, as can be seen from FIG. 6, the out- 
put pattern of image data 1111 is one inverted from that 
of image data 0000. Similarly, the output patterns . are 
inverted between 0001 and 1110, for example. By utiliz- 
ing this character, the LUT 1220 needs not 16 columns 
but actually needs only 8 columns when an input data 
bit is'inverted for a case. Thus, by using a data inversion 
signal, a memory space can be halved, and, thereby, 
miniaturization and cost reduction can be made. 
[0027] This LUT may be made by a ROM, a DRAM, 
an SRAM, or any memory. In case of employing a 
DRAM, it is possible to miniaturize a configuration of the 
present invention in case the configuration is achieved 
by an ASIC, for example. In case of employing an 
SRAM, it is possible to provide a configuration improving 
operation speed, for example. 

[0028] It is not necessary to employ such a LUT as 
the modulation data generation part 12 of FIG. 1, but a 
decoder of a logic gate array may be used therefor in- 
stead. A conceptual diagram in the case of forming the 
modulation data generation part 12 of FIG. 1 by a de- 
coder is illustrated by FIG. 8. In FIG. 8, an image output 
in eight types of pulse sequences of 4 bits, i.e., P1 
through P4, i.e., four pulses, is expressed on 3-bit image 
data. There, when it is assumed that image data is given 



by D2 (bit data on MSB), D1 (bit data on second bit) and 
DO (bit data on LSB), each output bit can be obtained 
through the following logic: 

P1 = D2; 



P2=D2BD1 • D0 + D2-D1B + D2-D1 • DOB; 

10 

P3 = D2B-D1 + D2-D1B; 



15 P4 = D2B • D1 B • DO + D2B ♦ D1 • D2 • D1 B • DOB 

where DOB, D1 B, and D2B express inversion of DO, D1 , 
and D2, respectively. This logic can be achieved by a 
combination of logical product and logical sum gates, 

20 such as AND and OR. Thus, it is possible to achieve the 
configuration not using the above-mentioned LUT 
[0029] The serial modulation signal generation part 
13 of FIG. 1 inputs the modulation data output from the 
modulation data generation part 12 which includes the ; 

25 above-mentioned LUT, decoders or the like, and chang- 
es it into a serial pulse sequence. FIG. 9 illustrates an 
example in which the serial modulation signal genera- 
tion part 1 3 is formed by a shift register. In a case of FIG. 
9, it includes four flip flops (FF) or latches 1310. The 

30 shift register 131 inputs (loads) the modulation data P1 
through P4 in parallel, and converts it into a pulse se- 
quence in series by using a high frequency clock signal. 
Thus, it outputs the pulse modulation signal PM. 
[0030] A specific example of configuration of the shift 

35 register used as the serial modulation signal generation 
part 1 3 is shown in FIG. 1 0 or FIG. 1 1 . In FIG. 1 0, in use 
of a set/reset-type FF 1320, and data loading is per- 
formed by setting up a set or reset state thereof. FIG. 
11 illustrates' an example employing FF 1332 and mul- 

40 tiplexer (MUX) 1331 . In this case, according to a LOAD 
signal, it is determined whether data is shifted from a 
preceding FF or given data is loaded in each FF. 
[0031] An example of overall configuration of the 
pulse modulation signal generation circuit 10 of FIG. 1 

45 js shown in FIG. 12. By making this configuration as an 
ASIC (Application Specific IC) of one chip, energy sav- 
ing, miniaturization, and cost reduction of the pulse 
width generation circuit can be achieved. 
[0032] In FIG. 12, the high frequency clock generation 

so part 11 includes a phase comparator 111, a loop filter 
112, a voltage control oscillator (VCO) 113, and a fre- 
quency divider 114. This is so-called PLL circuit and 
thereby, it is possible to generate a very high frequency 
clock signal VCLK as a result of phase adjustment being 

55 made with a reference clock signal (for. example, pixel 
clock signal) REFCLK, and also, frequency multiplica- 
tion by N being made on this clock signal REFCLK. For 
example, the duty ratio of this VCLK is approximately 
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50%. However, as long as the high frequency clock gen- 
eration part 1 0 can generate such a very high frequency 
clock signal, it should not include such a PLL circuit. For 
example, a digital frequency synthesizer, etc may be 
employed therefor instead. Moreover, in the high fre- 
quency clock generation part 11, depending on neces- 
sity, a multi-phase clock signal may be generated, as 
will be described later. 

[0033] The modulation data generation part 12 in- 
cludes a register 121, a LUT122, a decoder 123, and a 
selection circuit 124 and so forth, as shown in FIG. 12. 
Image data input from the outside is latched by the reg- 
ister 121, and, then, input into both the LUT1 22 and de- 
coder 123 at a timing of a load signal. LOAD. In each of 
the LUT 122 and decoder 123, the image data is inde- 
pendently changed into modulation data of a predeter- 
mined bit pattern (pulse pattern). With a mode selection 
signal, the selection circuit 124 selects one of the mod- 
ulation data output from LUT 122 and the modulation 
data output from the decoder 123, and outputs it to the 
serial modulation signal generation part 13. 
[0034] Thus, by selecting one of the outputs of the 
LUT 122 and decoder 123 properly with the mode se- 
lection signal, flexibility is improved and generation of 
various modulation data is attained on given image data. 
For the sake of simplification of configuration, any one 
of the LUT 122 and decoder 123 may be omitted. 
[0035] Moreover, by employing a configuration de- 
scribed above with reference to FIG. 7 o.f inputting a 
data inverting signal to the LUT 1 22, it is possible to min- 
iaturize the LUT Moreover, by providing a plurality of 
LUTs, and a configuration is made such that an output 
of a long pulse sequence is provided therefrom in case 
of input of a high-resolution mode signal. Thereby, as 
will be described later, it is possible to provide a config- 
uration such as to be able to output a high-resolution 
image even by using small-sized memories. Similarly, it 
is also possible to provide a plurality of decoders. 
[0036] The serial modulation signal generation part 
13 includes a shift register 130, as shown in FIG. 12, 
having a configuration such as that shown in FIG. 9, 10 
or 11. The shift register 130 loads in parallel the modu- 
lation data output from the modulation data generation 
part 12 according to the load signal LOAD, it performs 
shift operation one by one in synchronization with the 
high frequency clock signal VCLK given from the high 
frequency clock generation part 11 , and thus, the pulse 
modulation signal of the serial pulse sequence corre- 
sponding to the bit pattern of modulation data is output 
therefrom. The shift register 130 may be formed in var- 
ious configuration depending on the number of bits of 
modulation data (the number of pulses), etc. 
[0037] An example of the configuration in case of con- 
figuring the serial modulation signal generation part 13 
from two rows (sequences) of shift registers is shown in 
FIG. 13. In FIG. 13, the high frequency clock signal 
VCLK and the load signal LOAD1 are input into a shift 
register 131 on a top row, the inverted clock signal 



VCLKB of VCLK and the load signal LOAD2 are input 
into a shift register 132 on a bottom row, respectively, 
and a pulse sequence is serially output through a mul- 
tiplexer (MUX) 1 39 according to a load signal which syn- 

5 chronized with the high frequency clock signal and the 
high frequency clock signal itself, respectively. 
[0038] The modulation data includes 8-bit pulse se- 
quences PI through P8. Then, PI, P3, P5, and P7 are 
loaded in the shift register 131 at a timing of LOAD1, 

10 while P2, P4, P6, and P8 are loaded in the shift register 
132 at a timing of LOAD2, and they are serially output 
in the order of P1, P2, P3, P4, P5, P6, P7, and P8 
through the shift operation according to VCLK and 
VCLKB, and through switching operation by the MUX 

15 139. 

[0039] By employing a configuration such as shown 
in FIG. 13, it is possible to output the pulse sequence 
serially with the clock signal twice the speed of high fre- 
quency signal VCLK, and thus, to achieve high-speed 

20 or high-resolution pulse modulation signal generation. 
Alternatively, regarding VCLK as an original clock signal 
of the clock generation part, the high frequency clock 
signal can be expressed as a clock signal having the 
rate twice the original clock signal. As to generation of 

25 the clock signal VCLK and inverted clock signal VCLKB, 
description will be made later. 

[0040] The configuration of FIG. 13 is developed into 
that of FIG. 14, and an example of configuration in case 
of making the serial modulation signal generation part 

30 13 in four rows of shift registers is illustrated in FIG. 14. 
The shift registers 131 through 134 on the respective 
rows are given four phase clock signals VCLK1 , VCLK2, 
VCLK3, and VCLK4 having phases different sequential- 
ly from the top, and load signals LOAD1, LOAD2, 

35 LOAD3, and LOAD4 which synchronized with the re- 
spective clock signals input thereto. The modulation da- 
ta is of 16-bit pulse sequences P1 through P16. 
[0041] To the shift register 131, P1, P5, P9, P13 are 
provided; to the shift register 1 32, P2, P6, P1 0, P1 4 are 

40 provided; to the shift register 133, P3, P7, P11, P15are 
provided; and to the shift register 1 34, P4, P8, P1 2, and 
P16 are provided. Then, they are selected by a MUX 
part 1 39 according to VCLK1 through VCLK4, and, thus, 
P1, P2, P3, P15 and P16 are selected in sequence 

45 thereby as a pulse sequence. 

[0042] FIG. 1 6 shows an example of four-phase clock 
signals. As shown in the figure, by employing VCLK1 , 
VCLK2, VCLK3, and VCLK4 which are different by n/2 
(90°) from each other in sequence, without generation 

50 of a clock signal four times the frequency of VCLK, it 
becomes possible to output a pulse sequence selective- 
ly one by one from the four rows of shift registers 131 
through 134 shown in FIG. 14. 

[0043] Furthermore, by employing multi-phase clock 
55 signals different each by n/4, rc/8, or so, it is possible to 
output pulse sequences from more rows of shift regis- 
ters. Accordingly, even in case where an original clock 
signal of the high frequency clock signal has a not very 
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high frequency, by employing multi-phase high frequen- 
cy clock signals, it is possible to output many pulse se- 
quences at high speed. Thus, it is possible to provide a 
high-resolution image. As to generation of such a multi- 
phase clock signals, description will be made later. 
[0044] Another example of configuration in case of 
making the serial modulation signal generation part 13 
by shift registers in four rows is shown in FIG. 15. Al- 
though a basic operational principle is the same as that 
of the configuration of FIG. 1 4, all the shift registers 1 31 
through 134 are operated by the single VCLK1 and the 
load signal LOAD1 synchronized with the VCLK1 , and, 
based on VCLK1 through VCLK4, a phase adjustment 
circuit 138 adjusts/controls phases of the respective out- 
puts of the shift registers 131 through 134. 
[0045] As shown in FIG. 1 6, data S1 , S2, S3, and S4 
output from the respective shift registers 131 through 
134 is output in synchronization with VCLK1. For this 
reason, when, for example, the output S1 of the shift 
register 131 is made at a rising edge of VCLK1 , and a 
decaying edge of VCLK2, a pulse cannot be latched 
since the timing is of an unfixed portion of the signal, as 
shown. However, the phase adjustment circuit 138 
latches S1 by VCLK4 so as to provide it as S1\ and, 
also, it latches S1 by VCLK3, so as to provide as S1", 
and, thereby, the data can be latched at a rising edge of 
VCLK1 and decaying edge of VCLK2. 
[0046] Operation of the MUX part 1 39 is basically the 
same as that in the configuration shown in FIG. 14. As 
described above, as a result of selecting clock signals 
by which the outputs of the shift registers can be posi- 
tively latched, it is possible by the configuration shown 
in FIG. 15 to convert the outputs of the four rows of shift 
registers into serial pulse series. 
[0047] Thus, according to the example of configura- 
tion of FIG. 15, although the phase adjustment part 
which adjusts the phases of shift register outputs is 
needed, merely the simple configuration which supplies 
the same clock signal and one load pulse LOAD1 which 
synchronized with the same clock signal should be 
needed for the four rows of shift registers. Further, in 
this example, although the number of shift registers are 
maximum four, it is possible to generate a serial pulse 
sequence from more shift registers with the same con- 
figuration. Moreover, although the number of pulses 
processed by each shift register is four in this example 
for the simplification of description, the number of pulses 
processed by each shift register can be determined to 
be any value, depending on the resolution on one pulse, 
the method of generating the high frequency clock sig- 
nal, etc. 

[0048] An example of configuration of the LUT suita- 
ble for the above-mentioned high resolution mode is 
shown in FIGS. 1 7A and 1 7B. This is an example of con- 
figuration using two LUTs (two plane) of 4 bit x 16 row 
configuration as shown in FIG. 7. Address data of 5 bits 
is input to the LUT(1) 1221 and LUT(2) 1222, the MSB 
thereof is used for selection between the LUT (1) 1221 



12 

and LUT(2) 1222, and the other 4 bits thereof are used 
for selection of a row of the thus-selected LUT. Here, the 
above-mentioned high resolution mode signal (see FIG. 
12) is used for the selection between the LUT(1) 1221 

5 andLUT(2) 1222. 

[0049] In the example of configuration of FIGS. 17A 
and 1 7B, a load signal is given twice for 1 dot at a time 
of high resolution mode. First, in synchronization with 
the first load signal, "0 U is input as the high resolution 

10 mode signal and 4 bits are input as image data. Although 
the address data is of total 5 bits, i.e., this high resolution 
mode signal and 4 bits of image data, since the high 
resolution mode signal is "0" as mentioned above, the 
LUT(1) 1221 is selected. Then, the four bits on the rel- 

is evant row thereof are output. Then, in synchronization 
with the second load signal, the high resolution mode 
signal is set to "1", and 4 bits are input as image-data 
similarly. Consequently, the LUT(2) 1222 is selected, 
and, then, the four bits on the relevant row thereof are 

20 output. Thus, total 8-bit modulation data is generated on 
one dot by using both the LUT(1 ) 1 221 and LUT(2) 1 222 
at a time of high resolution mode. The 4-bit data output 
from each of the LUT( 1 ) 1 221 and LUT(2) 1 222 is loaded 
to a shift register such as that shown in FIG. 9, 1 0 or 1 1 

25 one by one, and is changed into a serial pulse sequence. 
Thereby, the pulse modulation signal of eight pulses is 
outputted for each dot, for example. 
[0050] In a time of normal mode, a load signal is given 
once for 1 dot, the high resolution mode signal is set to 

30 "0", and image data is provided only by 4 bits. Thereby, 
the LUT(t) 1221 is selected and 4-bit data on the rele- 
vant row thereof is output. This is the same way as that 
in the case of LUT 1220 of the previous FIG. 6. 
[0051] If one LUT which can provide total 8-bit (eight 

35 pulses) output as shown in FIGS. 17A and 17B is con- 
sidered, it should be necessary to prepare an LUT of 2 8 
= 256 rows. In contrast thereto, by-preparing two LUTs 
(two planes) each having 16 rows as shown in FIGS. 
1 7A and 1 7B, 256 different outputs can be obtained from 

40 LUTs of 32 rows each. Thus, miniaturization of the mem- 
ory and power saving can be realized. Moreover, the 
configuration of the shift register should not be. differed 
in response to switching between the normal mode and 
high resolution mode, basically. 

45 [0052] Another example of configuration of LUT suit- 
able for the above-mentioned high resolution mode is 
shown in FIGS. 18A through 18F. In FIGS. 18A through 
18G, LUT(1) 1221 and LUT(2) each of 16 bit x 2 16 row 
configuration, LUT (3) 1223 and LUT(4) 1224 each of 

so 14 bit x 2 14 row configuration, and LUT(5) 1225 and 
LUT(6) 1226 each or 18-bit x 2 18 row configuration are 
used. As to the address, 19 bits are applied on LUT(1) 
1221 and LUT(2) 1222; 17 bits are applied on LUT(3) 
1223 and LUT(4) 1224; and 21 bits on LUT(5) 1 225 and 

55 LUT(6) 1226. The 3 most significant bits thereof are 
used forselection from among LUT(1 )1 221 through LUT 
(6) 1226. Specifically, among these 3 most significant 
bits of the address, the first MSB and second MSB are 
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used for selecting a group LUTs having 1 6, 1 4 or 1 8 out- 
put bits, the third MSB thereof is used for selecting one 
of the thus-selected group of LUTs. This above-men- 
tioned high resolution mode signal is used as the third 
MSB, and in case of the high resolution mode, the two 
LUTs are selected by the first and second MSB. 
[0053] Thus, in the example of configuration of 
FIGS. .18A through 18F, as for the output modulation 
data, through a combination of the high resolution mode 
signal and the two most significant bits of the address, 
it is possible to select one of six types (14, 16, 18, 28, 
and 32 or 36 bits) of output arbitrarily. Selection of LUT 
can be easily made by arranging an address decoder in 
front of LUT (1) 1221 through LUT(6) 1226, thereby de- 
coding these 3 most significant bits of the address by 
the address decoder, and thus, selecting LUT is made 
by the decoding result. Moreover, in case the number of 
bits of the address used for selection of LUT is made to 
increase, the combination of selection of LUT may be 
increased, consequently the available combination of 
the number of bits on output modulation data can be fur- 
ther increased. 

[0054] In the example of configuration of FIGS. 18A 
through 1 8F, operation at a time of high resolution mode 
is the same as that in the example'. of configuration of 
FIGS. 1 7 A and 1 73 basically. That is, on the first load . 
signal, the high resolution mode signal is set as "0", and, 
then, it is set as "1 " on the second loading. The two most 
significant bits of the address are set up according to 
the number of bits of the modulation data needed. For 
example, when the two most significant bits are "00", on 
the first load signal, LUT(1) 1221 is selected, 16-bit data 
of the relevant sequence is output, then, LUT(2) 1222 
is selected on the second load signal, 16-bit data of the 
relevant sequence is output, and thus, total 32-bit mod- 
ulation data is output. Similarly, when the two most sig- 
nificant bits are "01", total 28-bit modulation data is out- 
put by LUT(3) 1223 and LUT(4) 1224 through the first 
and second load signal. 

[0055] Although the configuration shown in FIGS. 1 8A 
through 18F illustrate an example of using LUTs for 
pulse sequence conversion, the same functions may al- 
so be achieved by using a decoder instead. The decoder 
may be formed not only by a hardware but also by a 
software. Moreover, a bit compression/decompression 
circuit may be inserted between LUTs and shift registers 
so as also to achieve pulse sequence conversion. 
[0056] FIG. 19 illustrates one example of pulse se- 
quence conversion according to the present invention. 
FIG. 19 shows one example which changes an output 
pulse pattern of 16 pulses into an output pulse pattern 
of 14 pulses. In outputting, if the last two pulses are re- 
moved from the output pattern which are of 16 output 
pulses as shown in FIG. 19, the density there is changed 
from 8/16 to 6/14 (assuming that the density is in pro- 
portion to the number of pulses there). In order to avoid 
such a change in density (gray scale), the pattern data 
should be changed as shown by arrows in FIG. 19 by 



means of a memory or a decoder. Thereby, the density 
does not change as being from 8/16 into 7/14 even 
through the pause number reduction. Moreover, even 
when the density is not in agreement exactly before and 
5 after pulse number reduction, it becomes possible to 
control the density change to the minimum by having a 
conversion part performing pulse number change such 
thai the density change occurring thereby become min- 
imum. 

10 [0057] Another example of the pulse sequence con- 
version according to the present invention is shown in 
FIG. 20. FIG. 20 shows one example which changes an 
output pulse pattern of 16 pulses into an output pulse 
pattern of 18 pulses. Like in FIG. 19, a conversion part 

15 which carries out data conversion is configured such 
that the density on a pulse sequence may be made in 
agreement as much as possible before and after the 
conversion, and in this example, the density is changed 
from 8/16 to 9/18. Thus, an image formation device of 

20 high resolution in which image density etc. is not affect- 
ed even in case the number of pulses is changed by 
having such a data conversion part can be achieved. 
Moreover, although the number of pulses is assumed 
as 1 6 in this example for the sake of simplification of 

25 description-, since a data conversion part can perform 
finer data conversion as the number of pulses of the 
pulse sequence is larger, it is possible to achieve pulse 
number change with a less change in image density. 
[0058] Another example of the pulse sequence 

30 change according to the present invention is shown in 
FIG. 21 . A concept of a configuration shown in FIG. 21 
is different from those shown in FIGS. 19 and 20. As 
shown in FIG. 21 , although the number of pulses to out- 
put is changed between 14, 16, and 18, pulses (white 

35 or black) which can actually be output are 14 pulses 
counted from the left end. In such a case, as shown in 
the figure, the change in number of pulses is achieved 
by controlling the number of 'white' pulses present at the 
right end. For example, since a beam has a Gaussian 

40 distribution on a photoconductor even when output is 
made at a duty ratio of less than 1 00%, in a case of 
raster-scanning type image formation device, it is pos- 
sible to output a completely black image. For this rea- 
son, a configuration can be achieved which changes the 

45 number of pulses without changing data pattern in a 
condition in which the maximum duty ratio applied is 
14/1 8 « 77.8% as in the example shown in FIG. 21 . 
[0059] Next, an example of a circuit suitably used for 
the above-mentioned high frequency clock generation 

so part 11 of FIG. 1 or FIG. 12 will now be described. 
[0060] An example of an inversion clock generation 
circuit is shown in FIG. 22. This circuit generates normal 
and inverted clock signals CLK and CLKB (different in 
phase by n\ 180°) by determining an output through an 

55 odd number of inverters as CLK while determining an 
output through an even number of inverters as CLKB. 
The thus-obtained normal and inverted clock signals 
CLK and CLKB are used as the above-mentioned high 
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frequency clock signals VCLK and VCLKB on the shift 
registers shown in FIG. 13. 

[0061] One example of the above-mentioned multi- 
phase clock generation circuit is shown in FIG. 23, and 
operation timing thereof is shown in FIG. 24. FIG. 23 5 
shows an example of configuration of VCO 113 of FIG. 
12. In this example, the VCO 113 includes four stages 
of differential-type ring oscillator 1130, and, the outputs 
FOI, F02, F03, and F04 thereof are clock signals hav- 
ing four different phases different by nI2 (90°) as shown 10 
in FIG. 24. These clock signals F01 , F02, F03, and F04 
are used as the high frequency clock signals VCLK1, 
VCLK2, VCLK3, and VCLK4 on the shift registers shown 
in FIG. 14 and FIG. 15. 

[0062] Thus, it becomes possible to generate normal 1$ 
and inverted clock signals different in phase by k (180°) 
without employing an inversion clock generation part as 
shown in FIG. 22 through a simple configuration by em- 
ploying a differential-type ring oscillator. Further, as 
shown in FIG. 23, as a configuration of even number of 20 
stages may be made, and an output may be taken from 
intermediate portions, it is possible to generate a clock 
signal having a desired phase. 

[0063] Since, from the differential stages, output is 
taken every two stages, the clock signals of four phases 25 
different by n/2 (90°) each are obtained in the example 
of configuration of FIG. 23. However, when output is tak- 
en every stage, output of clock signal of 8 phase differ- 
ent by tc/4 (45°) each can be obtained. Similarly, by cre- 
ating an odd number of stages, for example, a three- 30 
stage configuration, a configuration which can also gen- 
erate clock signals of six phases different by 7u/3 (60°) 
each can be achieved. Thus, it is possible to create a 
configuration which can generate a desired number of 
phases of clock signals accordingly. 35 
[0064] One example of a delay control part used for 
a circuit which generates these multi-phase clock sig- 
nals different in phase is shown in FIG. 25, and the 
phase difference is controlled thereby.- A clock signal 
X0 and inverted clock signal X0B thereof generated by 40 
an inversion clock generation part as shown in FIG. 22 
or the like, etc. are input into a delay part 1141, and after 
that, the delayed signals X0D and X0DB are input into 
a phase delay detection part 1142. Then, the original 
and delayed signals X0, X0B; and X0D; XODb are com- 45 
pared with one another, and, the thus-obtained/detected 
delay amounts is compared with a reference value by 
an error amplifier 1143. Then, by using the output of the 
error amplifier 1143, the delay amounts are controlled 
appropriately. 50 
[0065] FIG. 26 shows timing in operation of the delay 
amount control part shown in FIG. 25. First, a time AT 
is delayed by the delay part 1141 , and clock signals X0 
and X0B thus turn into those X0D and XODB. A logic of 
the phase delay detection part 1 1 42 is expressed as f ol- 55 
lows: 



C = X0 • XODB + X0B . X0D 

where the output thereof is expressed by C. The reason 
why the logic of the phase delay detection part 1142 is 
determined in this way is to enable detection of the 
phase delay amount even when the duty ratio of the in- 
put pulse X0 and X0B is not 50%. in this case, the output 
signal C of the phase delay detection part 1142 is such 
that in which a pulse on delay time AT occurs each T/2 
period. Here, the output signal C of the phase delay de- 
tection part 1142 is of an electric current, and is ex- 
pressed by a current value N x Iref. 
[0066] The error amplifier 1143 compares the current 
output C of the phase delay detection part 1142 with a 
reference current Iref used as the reference signal, and 
generates an electric current Idelay by which the 
amount of delay of the delay part 1141 is determined. 
Since an integration value of an integrated waveform of 
C coincides with Iref when setting is made such that N 
= 4, in case the delay time is such that AT = T/8. Accord- 
ingly, in this case, the amount of delay of the. delay part 
1 1 42 is controlled so that the delay time AT = T/8. Gen- 
erally, 

Delay time AT = T/2N. 

Accordingly, it is possible to obtain a pulse signal having , 
controlled for the delay time AT thereof freely in a range 
of half the period 1/T of the input signal X0 as a result 
of setting N appropriately. 

[0067] FIG. 27 shows an example of a specific circuit . 
which forms the delay amount control part shown in FIG. 
25 by using bipolar transistors. The current Idelay which 
determines the amount of delay in the delay amount 
generation part 1141 is generated by a current source 
1150 including transistors Q16 through Q18 and a re- 
sistor R0. The input pulse signals X0 and X0B are de- 
layed by a diode load circuit 1153 of transistors Q1 and 
Q2, and an emitter follower circuit 1154 of transistors 
Q1 9 and Q20 through a differential circuit 11 52 of tran- 
sistors Q21 and Q22. 

[0068] As the output of the diode load circuit 1 1 53 'of 
the transistors Q1 and Q2 has a very small amplitude, 
the. swing is adjusted as a result of the output signal of 
the emitter follower circuit 1154 of the transistors Q19 
and Q20 being output through a binarization circuit of 
transistors Q3 and Q4 and resistors R3 and R4. An ECL 
logic circuit 1156 of transistors Q5 through Q10 outputs 
the following signal C: 

C = X0B • X0D + X0 • XODB 

where the input signals X0D, XODB are given by the bi- 
narization circuit 1155. The output current Ic thereof is 
then compared after being inverted by a current mirror 
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circuit 1157 transistors Q11 and Q12, with a reference 
current Iref generated by a transistor Q1 4 and a resistor 
R1 . The collector of the transistor Q1 4 which is a com- 
parison part 1158 has a high impedance, and also, a 
capacity C1 is connected toward the ground GND. 5 
Thereby, Ic is compared with Iref and the comparison 
output is taken as an electric current generated by a cur- 
rent source 1159 of a transistor Q15 and a resistor RO. 
[0069] Here, the current sources 1150 and 1159 of 
transistors Q15-Q18 and resistors RO form current mir- 10 
ror circuits as the currents which flow therethrough be- 
come the same as a result of the emitter resistor of each 
being the same resistor RO. Accordingly, the current 
flows through the transistor Q15 and resistor RO be- 
comes Idelay. Thus, the current Idelay flowing through 15 
each current mirror circuit is controlled by the output of 
the transistor Q15 and resistor RO so that the delay 
amount on the delay amount generation part 1141 be a 
predetermined delay amount. 

[0070] Here, when the current of the current source 20 
1160 of the transistor Q13 and resistor R2 is made N 
times of Iref, the delayed pulse signals X0D, XODB hav- 
ing 

25 

Delay time AT= T/2N 

as mentioned above, can be obtained. For example, for 
the setting such that N = 4, the following setting should 
be made: 30 

R1:R2 = 4:1; 

(area factor of Q13):(area factor of Q14)=4:1 35 
where the term 'area factor' means the emitter area. 
Thereby, it is possible to cause the current of 4 x Iref 
flow through the current source 1160 of the transistor 
Q13 and resistor R2. Accordingly, it is possible to gen- 
erate the delayed-pulse signals X0D, XODB having the 40 
delay time of AT = T/8, i.e., the phase delay amount of 
AG = ji/4. 

[0071] An example of configuration of the multi-phase 
clock generation circuit using the above-mentioned de- 
lay amount control part is shown in FIG. 28. For exam- 45 
pie, the clock signal VCOI and the inverted signal 
VC01 B thereof generated from the output of the VCO 
113 of FIG. 12 are input to the delay control part 1171 
and delay clock generation part 11 72. of the delay 
amount control part 1 1 70. The delay amount control part so 
1171 includes a delay amount generation part, a phase 
delay detection part, and an error amplification part, as 
shown in FIGS. 25 and 27, and the output thereof is the 
control current Idelay which controls the amount of de- 
lay. The delay clock generation part 1172 is the same 55 
as the delay amount generation part 1141 shown in FIG. 
27, and outputs clock signals DVC01 and DVC01 B on 
which the amount of delay is controlled based on the 



control current Idelay. FIG. 29 shows an example of gen- 
erating four-phase clock signals different in phase by 
90° each from two-phase clock signals (normal and in- 
verted). 

[0072] A different example of configuration the multi- 
phase clock generation circuit is shown in FIG. 30. In 
this example of configuration, three delay clock gener- 
ation parts 1182, 1183, and 1184 are provided, and, 
thus, eight-phase clock signals different 45° each in 
phase can be generated. Similarly, clock signals on 
which phase difference is controlled with respect to the 
VCO clock signal used as a reference signal and can 
set up the phase difference freely can be generated. 
[0073] FIG. 31 shows an entire configuration of a 
semiconductor laser modulation device, an optical 
scanning device, and an image formation device, which 
employ the pulse modulation signal generation circuit 
according to the present invention described above. In 
FIG. 31 , a laser scanning optical system 200 is shown, 
which corresponds to a single beam scanning optical 
system according to the present invention. Further, as 
shown in the figure, an image-processing unit 220 in- 
cludes an image-processing part 221 and a pulse mod- 
ulation signal generation part 222. A laser drive unit 230 
performs driving control of a semiconductor laser 201 . 
[0074] A laser beam emitted from the semiconductor 
laser 201 passes through a collimator lens 202 and a 
cylindrical lens 203, and then, deflected by a polygon 
mirror 204. After that, the laser beam passes through 
an fG lens 205 and a toroidal lens 206, and is reflected 
by a mirror 208. Then, after that, the laser beam is inci- 
dent on a photoconductor body 208 to form thereon an 
electrostatic latent image. The start position of every 
scan of the laser beam onto the photoconductor body 
208 is detected by a horizontal synchronization sensor 
211, which then provides a horizontal synchronization 
signal to the image-processing unit 221 of the image- 
processing unit 220. 

[0075] In the image-processing part 221 , while a pixel 
clock signal is generated in synchronization with the hor- 
izontal synchronization signal, an image read through 
an image input device, such as a scanner which is not 
illustrated, is input, and therefrom, image data in syn- 
chronization with the horizontal synchronization signal 
and the pixel clock signal is generated. This image data 
is generated in a form such that sensitivity characteristic 
of the photoconductor body should be taken into con- 
sideration. In the image-processing part 221 , as shown 
in FIG. 1 2, otherthan the image data, the high resolution 
mode signal, data inversion signal, mode selection sig- 
nal, load signal, etc., mentioned above, are generated, 
and this signal group is transmitted to a pulse modula- 
tion signal generation part 222 at a predetermined tim- 
ing. 

[0076] In the pulse modulation signal generation part 
222, as described above, the modulation data is gener- 
ated from the image data, and the pulse modulation sig- 
nal PM in synchronization with the pixel clock signal is 
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output as a result of this modulation data being convert- 
ed into a serial pulse sequence. This pulse modulation 
signal PM is input into a laser drive unit 230, and thereby 
the semiconductor laser 201 in this laser drive unit 230 
is controlled according to the pulse modulation signal 
PM. 

[0077] Alternatively, in the image-processing part 
221 1 it is possible that the modulation data is generated 
from image data, and is transmitted to the pulse modu- 
lation signal generation part 222. In this case, in the 
pulse modulation signal generation part 222, this mod- 
ulation data is directly changed into the serial pulse se- 
quence. 

[0078] Moreover, a plurality of pulse modulation sig- 
nal generation parts 222 should be provided in case of 
application of the present invention is made to a multi- 
beam scanning device as will be described later. In this 
case, these parts perform processing in parallel, and, 
output respective pulse modulation signals on the image 
data transmitted from the image-processing part 221 for 
the plurality of scanning lines. The basic concept thereof 
is shown in FIG. 32. 

[0079] According to the configuration shown in FIG. 
32, the n pulse modulation signal generation circuits 1 0 
each shown in FIG. 1 are provided for n scanning lines. 
Then, among them, the high frequency clock generation 
part 11 is provided only for the pulse modulation signal 
generation circuit 1 0-1 , and the pulse modulation signal 
generation circuits 1 0-1 through 1 0-n share this high fre- 
quency clock signal generated in the high frequency 
clock generation part 11 of the pulse modulation signal 
generation circuit 10-1. 

[0080] A configuration diagram in one example of the 
above-mentioned multi-beam scanning device (multi- 
beam optical system) is shown in FIG. 33. In this exam- 
ple, as shown in FIG. 34, using n = 2 semiconductor 
laser array 300 in which two light sources are arranged 
by a monolithic manner at intervals of ds = 25 ujti, dis- 
posed symmetrically with respect to the optical axis of 
a collimator lens 305 along a sub-scanning direction. 
[0081] In FIG. 33, the semiconductor laser arrays 301 
and 302 are made coincidence in the optical axes with 
those of collimator lenses 303 and 304, the light emis- 
sion directions thereof has an angle therebetween sym- 
metrically with respect to a main scanning direction, and 
an arrangement is made such that the light emission ax- 
es thereof may cross at a reflection point of the polygon 
mirror 307. A plurality of beams emitted from each sem- 
iconductor laser array 301 , 302 pass through a respec- 
tive one of the cylindrical lenses 308, and, after that, they 
are collectively deflected by the polygon mirror 307, and 
then, through an f6 lens 31 0, toroidal lens 31 1 , and mir- 
ror 312, the deflected beams are imaged on and scan 
with the beam spots a photoconductor body 313. 
[0082] Printing data for one scan line (image data) for 
each light source is stored by a buffer memory in the 
image-processing part 221 , and is read out therefrom 
every surface of the polygon mirror. Thus, through the 



20 

pulse modulation signal generation part 222 and the la- 
ser drive unit 230, recording is made every four lines 
simultaneously. 

[0083] FIG. 35 shows a configuration of the above- 
5 mentioned light source unit. The semiconductor laser 
arrays 403 and 404 are fixed onto a rear surface of a 
base member 405 slightly inclined by approximately 
1.5° at fitting holes thereof with heat-sink parts 403-1, 

404- 1 thereof. There, fixing parts 406, 407 are fixed 'in 
10 a manner such that the projections 406-1 , 407-1 thereof 

are aligned with cut-out parts of the heat-sink parts, and, 
also, the directions of the light sources are appropriately 
adjusted, with screws 41 2. Further, the collimator lenses 
408 and 409 are adhered onto the base part 405 along 

15 hemispheric mounting guide surfaces 405-4, 405-5 so 
that the optical axes thereof are adjusted, and, also, po- 
sitioning thereof is performed so that the divergent 
beams emitted are made to be parallel beams. 
[0084] In order to make setting such that the light 

20 beams from each semiconductor laser array may cross 
on the main scanning plane as mentioned above, the 
fitting holes 405- 1 and 4-5-2, and the mounting guide 
surfaces 405-4 and 405-5 are inclined appropriately. 
[0085] The base member 405 is engaged with a hold- 

25 er member 41 0 by a cylindrical engagement part 405-3, 
then, screws 413 are screwed into thread holes 405-6, 

405- 7 via through holes 410-2, 410-3. Thus, the light- 
source unit is formed. 

[0086] In the light-source unit, a cylindrical part 41 0-1 
30 of the holder member is fitted into a reference hole 41 1-1 
formed in a mounting wall 411 of an optical housing, a 
spring 61 1 is inserted from the front side, and a stopper 
member 61 2 is engaged with a cylindrical part projection 

410- 3, so that the holder member 41 0 is fixed onto and 
35 held by the rear surface of the mounting wall 411 . At this 

time, a torque is generated with a rotation axis corre- 
sponding to the central axis of the cylindrical part as'a 
result of one end of the spring is hooked with a projection 

411- 2. Then, by an adjusting screw 613 provided such 
40 as to be against the torque, the entire unit is rotated 

about the optical axis in 6 direction. Thus, as shown in 
FIG. 37, (1), the respective beam spots are arranged 
alternately shifted by one scan line. 
[0087] A slit is prepared for every semiconductor laser 
45 array in an aperture 415 attached in the optical housing, 
and thereby defines the diameter of the optical beam. 
[0088] FIG. 36 shows another example of the light 
source unit in which laser beams emitted from two sem- 
iconductor laser arrays are combined by a beam corn- 
so bining unit. The semiconductor laser arrays 603, 613 
and collimator lenses 605, 606 are, similar to the exam- 
ple shown in FIG. 35, supported by respective base 
members 601 and 602, and, thus, first and second light 
source parts are configured. The first and second base 
55 members 601 and 602 are fixed onto a common flange 
member 607 by screw while cylindrical parts thereof are 
engaged with holes 607-1 , 607-2. An adjustment screw 
606 is screwed into the second base member 602, and, 
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by adjusting the projection amount thereof from the rear 
side, arm parts 602-1 are twisted so that only a holding 
part of the semiconductor laser array and coupling lens 
can be inclined along the sub-scanning direction (5. 
Thereby, a beam spot arrangement is shifted by one 
scan line, and, thus, the arrangement shown in FIG. 37, 
(2) is obtained. 

[0089] A prism 608 in combination of a parallelogram 
prism and a triangular prism reflects each beam from 
the second light-source part by an oblique surface 
608-1 , and, also reflects by a beam splitter surface 
608-2, so as to emit the beams close to the beams from 
the first light-source part. The beams which have been 
thus made to be close together are deflected by the pol- 
ygon mirror, together, and, thereby, form images on the 
photoconductor body as beam spots. An aperture 615 
is also supported by the optical housing. As the beams 
from the semiconductor laser arrays are collected to- 
gether, a single slit 615 is provided there. The above- 
mentioned flange member 607 is supported by a holder 
member 609, and, same as in .the above-mentioned ex- 
ample, as a result of a cylindrical part 609-1 thereof be- 
ing fined into a reference hole 61 0-1 formed in a -mount- 
ing wall 610, and the entire unit being rotated therea- 
bout, the inclination of the arrangement of the respective 
beam spots is adjusted. 

[0090] FIG. 38 shows an example of configuration of 
the multi-beam scanning device using a four-channel 
semiconductor laser array 801 as shown in FIG. 39. 
Since the configuration is the same as that of FIG. 35 
and FIG. 36, duplicated description is omitted here. 
[0091] FIG. 40 illustrates a multi-beam scanning de- 
vice (optical scanning device) formed as a result of the 
light source unit shown in FIG. 35 is mounted in an op- 
tical housing 804. A printed circuit board 802 having a 
drive circuit formed therein which manages control of 
the semiconductor laser is loaded onto a rear surface of 
the above-mentioned light source unit 801, while the 
above-mentioned spring is made come into contact with 
a wall of the optical housing which intersects perpendic- 
ularly with the optical axis. There, the inclination thereof 
is adjusted with an adjustment screw 803. Here, the con- 
trol circuit carries out modulation control of the laser light 
(laser beam) of the semiconductor laser based on the 
pulse modulation signal output from the pulse modula- 
tion signal generation circuit according to the present 
invention described above. The adjustment screw 803 
is screwed into a projection part formed on the housing 
wall. 

[0092] In the optical housing, the above-mentioned 
cylindrical lens 805, polygon motor 808 driving the pol- 
ygon mirror, f9 lens 806, toroidal lens, bending mirror 
807 are positioned and supported. Further, the printed 
circuit board 809 having the synchronization detection 
sensor mounted thereon is loaded outside on the hous- 
ing wall, same as the light-source unit. The top of the 
optical housing is sealed by a cover 81 1 , and is screwed 
onto a frame member of the image formation device with 



a plurality of mounting parts 81 0 projecting from the wall. 
[0093] FIG. 41 shows an example of the image for- 
mation device carrying the above-mentioned optical 
scanning device. A toner cartridge 904 which supplies 

5 tonerto an electrification charger 902 charging at a high 
voltage a photoconductor surface of a photoconductor 
drum 901 which serves a to-be-scanned surface. A de- 
velopment roller 903 which visualizes with ioner the 
charged electrostatic latent image written by an optical 

10 scanning device 900. A cleaning case 905 which 
scratches the toner left on the photoconductor drum and 
stores it is arranged. As described above, onto the pho- 
toconductor drum, the latent image is written by a plu- 
rality of scan lines simultaneously performed for every 

15 surface of a polygon mirror, A recording paper is sup- 
plied by a feeding roller 907 from a feeding tray 906, the 
timing of recording thereon along the sub-scanning di- 
rection is adjusted by a pair of register rollers 908. Then, 
at a time it passes the photoconductor drum, the toner 
20 image is transferred therefrom by a transfer charger 
906, and the transferred image is fixed onto the paper 
by a fixing roller 909, and is ejected into a delivery tray 
91 0 by a delivery roller 912. 

[0094] Thus, according to the present invention de- 
25 scribed above, no complex configuration is needed for 
generating a pulse pattern, and, thus, a pulse modula- 
tion signal generation circuit which generates a pulse 
modulation signal of the desired pattern can be 
achieved in a simple configuration. Moreover, by using 
30 this pulse modulation signal generation circuit, an opti- 
cal scanning device, an image formation device, etc., in 
which a flexibility of a generable pulse modulation signal 
is improved, and even when a speed of operation is 
high, a semiconductor laser modulation device which 
35 can realize a fine gray scale on an output image, can be 
provided. 

[0095] Further embodiments of the present invention 
will now be descried. 

[0096] Embodiments which will be described relate to 
40 laser beam exposure method or laser beam exposure 
energy distribution producing method of controlling a la- 
ser beam exposure energy distribution at a time of ex- 
posing a photoconductor by a semiconductor laser with 
laser beam therefrom especially used as a light source 
^5 in image formation devices, such as a laser printer, a 
digital copier, and so forth. 

[0097] For example, Japanese laid-open patent appli- 
cations Nos. 05-075199, 05-235446, 09-321376, etc. 
disclose methods of performing modulation drive of a 

50 semiconductor laser. According thereto, a light-receiv- 
ing current of a light-receiving (photoelectric) device 
which acts as a monitor of an optical output of a semi- 
conductor laser is compared with a light-emission in- 
struction current, and, thereby, the semiconductor laser 

55 is controls rapidly, in a photoelectric negative feedback 
loop. Then, an electric current in proportion to the light- 
emitting instruction current is added to an output current 
of the photoelectric negative feedback loop. 
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[0098] By doing in this way, it becomes possible to ap- 
propriately deal with or compensate temperature char- 
acteristic, droop characteristic, etc. of a semiconductor 
laser, and to realize high-speed laser beam modulation. 
[0099] Due to characteristics of a light-receiving de- 5 
vice which acts as a monitor of an optical output of a 
semiconductor laser, when the optical output of the sem- 
iconductor laser is small, the linearity of the light-receiv- 
ing current output characteristic with respect to the op- 
tical input of the light-receiving device may be degraded 
remarkably. For this reason, the control accuracy in 
case of a low optical output may become insufficient, 
and, thus, the optical output may become larger than a 
predetermined value. In such a case, an adverse influ- 
ence may occur, such that, for example, a white part of 
an image may become dirty in a laser printer etc. Fur- 
thermore, as the optical output is controlled continuous- 
ly, the optical output cannot be switched off completely 
in order to carry out normal operation of the control sys- 
tem, and thus, an offset light should be generated inev- 
itably. 

[0100] Moreover, in case a circuit which sets up a 
drive current for adding the drive current to the semicon- 
ductor laser is needed, thereby, a circuit space useable 
for improving the function of an optical modulation IC for 
a laser printer, or the like is limited. 
[0101] Furthermore, since the light-receivingdevice 
which detects only the optical output of one semicon- 
ductor laser is needed, when one light-receiving device 
detects the output of a plurality of lasers as in a semi- 
conductor laser array, a means for separating the de- 
tection output is required. 

[0102] An example of typical configuration of an ex- 
posure device in an image formation device is shown in 
FIG. 42. 

[0103] In this figure, when a polygon mirror 3011 ro- 
tates, scanning with a laser beam output from a semi- 
conductor laser unit 3012 is carried out by a polygon 
mirror 3011 , and this laser beam exposes a photocon- 
ductor 3014-through a scanning lens 3013, and forms 
an electrostatic latent image there. Moreover, the 
above-mentioned semiconductor laser unit 3012 con- 
trols the above-mentioned electrostatic latent image 
formed on the above-mentioned photoconductor 3014 
by controlling the light-emission time i nterval of the sem- 
iconductor laser according to image data generated by 
an image-processing unit 3015 and an image clock sig- 
nal on which phase is set up by a phase synchronous 
circuit 3020. 

[0104] Moreover, a phase synchronous circuit 3020 
sets as the phase of the clock signal generated by a 
clock generating circuit 3016 as being in synchroniza- 
tion with detection output of photo-detectors 3017 and 
301 8 which detect the laser beam from the above-men- 
tioned semiconductor laser deflected by the polygon 
mirror 3011. 

[0105] Thus, the laser drive circuit 3019, phase syn- 
chronous circuit 3020, and clock generation circuit 301 6 
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are indispensable there in terms of position accuracy 
and interval accuracy of the electrostatic latent image 
formed on the above-mentioned photoconductor 3014 
in the image formation device which uses the laser scan- 
ning optical system.- Thereby, many signals having the 
same frequency as that of the image clock signal are 
needed to be used there, and, thus EMI problem may 
occur. Furthermore, as a result of the number of parts/ 
components being increased thereby, the cost increas- 
es. Furthermore, as the printing speed rises according 
to a user's demand, it becomes very difficult to operate 
image data transfer clock signals in the completely 
same timing throughout the system. Thus, it becomes 
needed to perform image data transfer in parallel by us- 
ing a clock signal of a relatively slow rate. 
[0106] Moreover, as described above, the multi-beam 
scanning method for attaining high speed and high-den- 
sity image formation in a laser printer by performing la- 
ser writing employing a plurality of laser beams emitted 
by respective light-sources is proposed. In such a case, 
it is desirable to use a plurality of semiconductor lasers 
or an LD array as these light sources. 
[0107] However, in the related art, as the light-receiv- 
ing device is shared by all the semiconductor lasers of 
an LD array, the above-described method disclosed by 
Japanese laid-open patent application No. 05-075199, 
05-235446, or09-321 376 cannot be applied. As a result, 
cost increase occurs in the case of employing the LD 
array. 

[0108] Furthermore, in order to remove influence of 
the temperature characteristics/droop characteristics of 
the semiconductor lasers, as in case of applying the 
method of Japanese laid-open patent application No. 
05-075199, 05-235446, or 09-321376, etc., a control 
should be performed constantly. In such a case, an off- 
set light should be generated as mentioned above. 
[0109] Moreover, for this purpose, a current setting 
circuit or the like is needed and thus, the circuit size be- 
comes larger. Furthermore, when a semiconductor laser 
array is used, means for performing separate detection 
on each optical output is required additionally as men- 
tioned above. 

[0110] Furthermore, a beam profile of the semicon- 
ductor laser is usually approximated as a Gaussian dis- 
tribution, and, according thereto, an electrostatic latent 
image in electronic photograph system is formed. For 
this reason, in increase of resolution, portions having 
not binary distribution but having analog distribution oc- 
cur in the latent image accordingly. Consequently, im- 
age density is likely to be influenced by external factors, 
such as change in image development bias, and may 
cause problematic image density change. 
[0111] Moreover, there is a necessity of preparing 
many numbers of modulation steps in pulse width of the 
laser beam for 1 pixel in order to achieve many levels 
of image density (gray scale; see FIG. 45). Therefore, 
pulse width must be created by an analog manner, and 
when changing image density at high speed dynamical- 
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ly in a digital manner or changing an image clock fre- 
quency for every pixel, it becomes difficult to change im- 
age density precisely according thereto. 
[0112] In comparison to a case where laser beam is 
simply modulated for every pixel as shown in FIG. 45 
(the pulse width is made elongated as image density da- 
ta increases in value), it is possible to achieve sharp 
change in exposure energy distribution as shown in FIQ. 
46 in case where laser beam modulation is made with 
a short-span optical pulse series. This scheme shown 
in FIG. 46 is very useful for achieving high quality image 
formation in an electro-photographic printer or the like. 
Further, as a result of changing not only pulse width but 
also pulse pattern as shown in FIG. 46, it is possible to 
generate an exposure energy distribution suitable for a 
high-quality image formation device.. 
[0113] In FIG. 45, the scale of the vertical axis of an 
exposure energy distribution is intentionally altered for 
each optical modulation pattern in order to make the 
central peak values in agreement at the same level in 
the exposure energy. Therefore, the exposure energy 
distribution having the narrowest width D1 corresponds 
to the top optical modulation pulse pattern P1 (shortest 
pulse), and the peak value of the distribution D1 is ac- 
tually lowest. Then, the peak of the exposure energy dis- 
tribution actually becomes higher as the pulse width on 
the corresponding modulation pulse pattern is in- 
creased. Thus, on the bottom optical modulation pulse 
pattern (longest pulse) PB, the corresponding exposure 
distribution D8 actually has the highest peak value. 
[0114] According to the exposure energy distribution 
as shown in FIG. 45, in particular when the pulse width 
of the optical modulation pulse pattern is short, as incli- 
nation of the energy distribution at a rising or decaying 
part is not sharp, influence of external factors such as 
change in development bias potential and so forth is 
likely to be remarkable there. Further, even when the 
pulse width of optical modulation pulse is changed line- 
arly, the width of the actual exposure energy distribution 
may not change precisely accordingly. Thus, controlla- 
bility becomes not sufficient. 

[0115] On the other hand, in the example of FIG. 46 
according to the present invention, by changing suitably 
not only the pulse width of optical modulation pattern but 
a pulse pattern thereof, the inclination of the exposure 
energy distribution at rising or decaying part is sharp for 
each optical modulation pattern, and, also, the width 
thereof changes linearly. Therefore, controllability is in- 
creased, and, also, the influence of the external factors 
may be effectively reduced. As shown in FIG. 46, by en- 
larging the intensity of the optical modulation pulse pat- 
tern comparatively, and shortening the pulse width into 
an equal width, it is possible to make the rising or de- 
caying part on the exposure energy distribution sharper 
in an equal manner, and, as a result, it is possible to 
make change in the width on the exposure energy dis- 
tribution linearly as shown in the figure. 
[0116] The reason why the exposure energy distribu- 



tion as shown in the top half of FIG. 46 can be obtained 
by the optical modulation pulse signal as shown in the 
bottom half of FIG. 46 will now be described. 
[0117] That is, as compared with the case of FIG. 45, 
5 since the level (modulation level) of each pulse of optical 
modulation pattern (modulation signal) is high in the 
case of FIG. 46, exposure energy changes rapidly ac- 
cordingly. Consequently, a rising or decaying part of the 
exposure energy distribution becomes sharper. Further, 

10 as the modulation level on each pulse is high in the case 
of FIG. 46, as the pulse width were elongated, the ex- 
posure energy continuously would have increased ac- 
cordingly. 'However, on the character of the photocon- 
ductor and on the characteristic of image development 

15 process made subsequently, it is not necessary or no 
substantial effect to increase the exposure energy level 
over a predetermined level. Accordingly, also in terms 
of energy saving, the pulse width is shortened as shown 
in FIG. 46. In this connection, although a recess occurs 

20 between pulses as shown in FIG. 46 on each modulation 
pulse pattern, as a predetermined area of exposure dis- 
tribution occurs by one pulse, and, also, the slopes 
thereof overlap one another between adjacent ones, the 
gap between the adjacent pulses is filled thereby. As a 

25 result, the exposure energy distributions having respec- 
tive predetermined widths are obtained, as shown in the 
top part of FIG. 46. 

[0118] A block diagram of an optical modulation signal 
generation circuit according to the present invention as 
30 descried above with reference to FIGS. 45 and 46 is 
shown in FIG. 43. 

[0119] In the circuit of FIG. 43, M-time frequency di- 
viding of a reference clock signal is performed by a fre- 
quency dividing part 3021 , the output thereof is then in- 

35 put into a phase detector 3022, while N-time frequency 
dividing of an output of a VCO 3023 is performed by a 
frequency dividing part 3024, and the output thereof is 
also input to the phase detector 3022. 
[0120] The oscillation frequency of the VCO 3023 is 

40 controlled by the output of the phase detector 3022, and 
thus, a PLL is configured.; Thereby, a frequency 4 times 
the frequency of the image clock signal is generated. 
The VCO 3023 is formed by a four-stage ring oscillators, 
provides clock signals (signals different in phase by 45° 

45 each) into an equivalent-1/8 circuit 3025. 

[0121] This equivalent-1/8 circuit 3025 generates the 
pixel clock signal in synchronization with a given syn- 
chronization pulse in the accuracy of 1/8 pixel clock pe- 
riod. Further, to the equivalent-1/8 circuit 3025, a signal 

50 (image clock phase sifting data)' for delaying or advanc- 
ing the phase of the image clock signal by 1/1 6, 1/16, 0, 
-1/16, and -2/16 periods are input together with the im- 
age data, and, also, this 1/8 circuit 3025 generates clock 
signals having predetermined phase differences from 

55 the image clock signal, and provides them to an equiev- 
alent-8-bit shift register 3026. 

[01 22] The euievalent-8-bit shift register 3026 is con- 
figured such that, as if it divides one pixel by 8 and it 
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operates on the clock signal eight times the image clock 
signal, as a result of utilizing'the fact that the VCO 3023 
provides the frequency four times that ' of the pixel clock 
signal and also utilizing the normal clock signal and in- 
verted clock signal thereof. The 8-bit shift register 3026 
converts the image data into the optical modulation pat- 
tern in which one pixel is divided by 8 through a LUT 
3027. Thus, the 8-bit shift register 3026 generates the 
modulation signal for modulating the semiconductor la- 
ser based on the image data, and image clock phase 
shifting data. There, according to the image data, the 
modulation signal having modulation patterns shown in 
FIG. 47 is output. 

[0123] In the example of FIG. 47, 1 pixel is divided 
into eight parts as mentioned above. Although the mod- 
ulation patterns '2' and '3' are same as one another on 
the total exposure energy, the image density is higher 
on the pattern '3* (larger in dot diameter) in terms of 
beam profile of the semiconductor laser and the fact that 
scanning is made, as shown in FIGS. 45 and 46. By em- 
ploying these pulse sequences for modulating the sem- 
iconductor laser, it is possible to express number of dif- 
ferent densities (gray scale) more than a possible 
number of total pulse widths (total exposure energies of 
semiconductor laser). 

[0124] FIG. 48 shows another example in case of 
making density high from the right end of a pixel, while 
it is made from the left end in the example shown in FIG. 
47. 

[0125] FIG. 44 shows another example of the optical 
modulation signal generation circuit according to the 
present invention with reference to FIGS, 46. In this ex- 
ample, in order to detect a change in scanning speed 
occurring due to rotation speed variation on the polygon 
mirror, and magnification variation through the optical 
system, the time interval of the above-mentioned syn- 
chronization pulse 1 (detection signal of the photo-de- 
tector 1) and synchronization pulse 2 (detection signal 
of the photo-detector 2) are detected in the 1/8-pixel ac- 
curacy according to the output clock signal of the VCO 
3023. Then, a control is made such that the phase of 
the image clock signal is changed in a digital manner so 
that an error obtained from comparison of the above- 
mentioned detection result with a reference may made 
0. 

[0126] This control result as well as the phase control 
data together with the image data are input to a digital 
phase control circuit 3031 , and thereby, the amount of 
phase shift on the image'clock signal is determined. 
[0127] A polygon-jitter detection circuit 3030 has a 
number of control parts corresponding the number of 
polygon surfaces of the polygon mirror each performing 
a control such as to cause an error between the detec- 
tion result and predetermined value to be 0 in a digital 
manner. There, the synchronization pulse 1 is counted 
every polygon surface, i.e., 0, 1,2, .... (the number of 
polygon surfaces)-1, 0, 1, 2, .... then, according to the 
count result, the control result is switched, and, thus, the 



thus-selected control result is output to the digital phase 
control circuit 3031. Thereby, pitch variation on each 
polygon surface can be corrected, and, also, pixel posi- 
tion variation occurring due to jitter in rotation of polygon 

5 mirror and so forth can be corrected. 

[0128] It is also possible that only one synchronization 
pulse instead of the above-mentioned synchronization 
pulses 1 and 2 is used, and, also, switching for every 
polygon surface is not made. Thereby, it is possible to 

10 reduce the influence of jitter on rotation of polygon mirror 
in case only one synchronization pulse is available. 
[0129] Further, as to the control speed, as the error 
detection is sampled once per each rotation of polygon 
mirror, setting is made such that the gain becomes 1 on 

is a cycle of not less than three rotations so that stable 
control characteristics are achieved. This is because, as 
phase delay occurs by 360° on sampling frequency and, 
then, phase delay by 180° would make the negative 
feedback loop unstable. Accordingly, it is necessary to 

20 make setting such that the gain becomes 1 through 
more than 3 times of control. 

[0130] Thus, according to the embodiment of the 
present invention shown in FIG. 43, modulation drive of 
the semiconductor laser is made based on the optical 

25 modulation signal, scanning of the photoconductor is 
made by laser beam from the semiconductor laser, a 
device detecting the scanning beam from the scanning 
unit at a predetermined position with respect to to the 
photoconductor are provided. In the image formation 

30 device scans the above-mentioned photoconductor at 
a predetermined timing based on the thus-detected sig- 
nal from the scanning light detection device, and forms 
an electrostatic latent image according to the optical 
modulations signal. There, the image density (gray 

35 scale) on 1 pixel is controlled by changing a pulse pat- 
tern together with changing a pulse width on the optical 
modulation pattern for 1 pixel as described above with 
reference to FIG. 46. 

[0131] According to the embodiment described with 

40 reference to FIG. 44, the semiconductor laser is modu- 
lated based on an optical modulation signal, the scan- 
ning unit scans the photoconductor with laser beam 
from the semiconductor laser, and the device detecting 
the scanning beam from the above-mentioned scanning 

45 unit at a predetermined position with respect to the pho- 
toconductor. The image formation device scans the 
above-mentioned photoconductor at a predetermined 
timing based on the detected signal from the scanning 
beam detection device, and forms an electrostatic latent 

50 image on the photoconductor according to the above- 
mentioned optical modulations signal. 
[0132] There, the time detecting unit is provided in the 
embodiment shown in FIG. 44 and detects output timing 
of the first scanning position detecting device and sec- 

55 ond scanning position detecting device, by using a clock 
signal of N times the pixel clock signal. The thus detect- 
ed time is compared with a predetermined value, the 
comparison result is stored by a storage unit, and, by 
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using the output of the storage device, the phase of the 
image clock pulse is shifted appropriately. Thereby, 
each dot position can be controlled at high accuracy, 
and, thus, an image formation- device creating quality 
images can be achieved. 

[0133] Further, a number of the above-mentioned 
storage units corresponding the number of polygon sur- 
faces of the polygon mirror may be provided, the count- 
ing unit may repeat counting operation on the output of 
the first scanning position detecting device every 
number of the polygon surfaces, and, based on the 
counting output of the counting unit, the output of the 
storage unit to be used may be switched. Thereby, with 1 
a simple configuration, scanning speed can be correct- 
ed for each polygon surface. 

[0134] FIG. 49 is a flow chart illustrating optical mod- 
ulation operation in each of the above-described em- 
bodiments shown in FIGS. 43 and 44. At Step S1 , a pre- 
determined initial setup is performed and, next, it is de- 
termined whether target image data is of an image re- 
gion (not a text region) by Step 52. Then, when it is of 
an image region, the image data is converted into a 
pulse pattern sequence as shown in FIG. 47 or 48, ac- 
cording to the density value (pixel value) at Step S3. This 
conversion may be made simply by using a predeter- 
mined conversion table. It is also possible to employ an- 
other method of converting image density data into a 
pattern in a manner such that other pulse pattern se- 
quences are employed such that image density become 
higher in sequence other than those shown in FIGS. 47 
and 48. 

[0135] At Step S5, modulation drive of the semicon- 
ductor laser is carried out according to the optical mod- 
ulation pattern obtained at Step S3. At Step S6, the 
processing is retuned to Step S2 for processing of the 
subsequent image data, and subsequent operation is 
repeated. 

[0136] Such operation can be achieved by using a 
general-purpose computer (connected with an image 
formation device for exchange of signals therewith), 
such as a personal computer, by storing a software pro- 
gram for causing the computer to perform the above- 
mentioned operations into a storage medium, such as 
CD-ROM. 

[0137] FIGS. 50, 51 and 52 illustrate internal config- 
uration diagrams of a digital copier, a laser printer, and 
an ordinary-paper facsimile machine, which- are image 
formation devices of electro-photographic type each 
employing the optical modulation signal generation cir- 
cuit described above with reference to FIG. 43 or 44 ac- 
cording to the present invention. 
[0138] As shown in these figures, each machine in- 
cludes an image formation device body 31 00, a cassette 
31 02 holding papers, a feeding roller 31 04 taking paper 
one by one from the cassette, a registration roller 3106 
controlling paper conveying timing, a transfer charger 
3108, and a process cartridge 3110 including a photo- 
conductor drum 3112, a development roller 3113, a 



charging roller 31 14, and so forth. Further, the machine 
also includes a fixing roller 31 1 6 having a halogen lamp 
built therein, a pressing roller 3118 which form a fixing 
unit, a conveying roller 31 20 and a paper ejecting roller 
5 3121. 

[0139] An optical scanning device 3101 shown in the 
figures includes the optical modulation signal genera- 
tion circuit descried above with reference to FIG. 43 or 
44 according to the present invention, and, by this cir- 

10 cuit, the optical modulation signal is generated accord- 
ing to given image data. Then, based on this optical 
modulation signal, modulation drive of the semiconduc- 
tor laser is carried out, and laser beam modulated is 
emitted thereby. The photoconductor drum 3112 

15 charged uniformly by the charging 3114 is exposed by 
this laser beam, an electrostatic latent image is thereby 
formed thereon, is visualized by toner supplied by the 
development roller 311 3. 

[0140] The paper taken out by the feeding roller 104 
20 is conveyed according to the timing of image writing start 
of the optical scanning device by the registration roller 
31 06, and the toner image is transferred onto the paper 
from the photoconductor The transferred toner image is 
fixed onto the paper by the fixing roller 31 16, and then, 
25 the paper is ejected out from the machine. 

[01 41 ] In FIG . 50, in an image reading device 31 1 1 an 
image from an image reading section is imaged through 
an imaging lens 3124 and is pick up by a photoelectric 
device such as a CCD or the like. Then, as a mirror 
group 3112 is moved appropriately and, the thus-pick- 
up image is converted into electronic data in sequence. 
[0142] In FIG. 52, in an image reading device 3127, 
a feeding roller 3129 feeds an original image from an 
original table 31 15, and, an image on the original is con- 
verted into electric data In sequence while the original 
is conveyed by conveying roller pairs. 31 26, 3128. 
[0143] The present invention concerning the embod- 
iments described with reference to FIGS. 43 and 44 is 
not limited to the above-mentioned embodiments, and, 
as long as an optical profile (such as a Gaussian distri- 
bution) applied directly affects a performance of a sys- 
tem, the present invention may be applied to any other 
system/machines, such as an optical scanning-type 
projector, a liquid crystal display device, etc. Similarly, 
application of the present invention to a CD-R/RW drive, 
a DVD drive, etc. is also possible. 
[0144] Moreover, the present invention can also be 
embodied by supplying a circuit shown in FIG. 43 or 44 
according to the present invention in a form of a cell li- 
brary or HDL as an IP forming a part of an LSI circuit, 
and, this may be applied to a process of manufacturing 
the LSI circuit. 

[0145] Moreover, although the width 8 times the 
length of the minimum pulse corresponds to 1 pixel ac- 
cording to the scheme shown in FIGS. 47 or 48, appli- 
cation of the present Invention is not limited thereto, and 
it is also possible to treat the length of the minimum 
pulse width as 1 pixel instead. 
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[0146] Thus, the density (gray scale) on 1 pixel is ob- 
tained by utilizing a combination of pulse pattern control 
and pulse width control into an optical modulation pulse 
pattern for an image density. There, image density and 
image clock signal are controlled in a digital manner. 
Thus., it is possible to express a large number of differ- 
ent image densities (gray scale) while a number of dif- 
ferent pulse widths required therefor is reduced, and, to 
provide an image formation device creating quality im- 
ages. 

[0147] Thus, according to the present invention, it be- 
comes possible to provide an image formation device 
which can generate a modulation signal and an image 
clock signal which perform modulation control for a sem- 
iconductor laser at high speed with a low cost and small 
size image formation device which forms an image by 
scanning a rotation photoconductor by the modulated 
beam of the semiconductor laser based on the image 
signal. 

[0148] Further, the present invention is not limited to 
the above-described embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

[0149] The present application is based on Japanese 
priority applications. Nos. 2001-072874 and 
2001-304020, filed on March 14, 2001 and September 
28, 2001, respectively, the entire contents of which are 
hereby incorporated by reference. 
[0150] A clock generating part (1 1 ) generates a high- 
frequency clock signal having a frequency higher than 
that of a pixel clock frequency; a serial modulation signal 
generating part (13) generates a serial modulation sig- 
nal having a serial pulse sequence based on the high- 
frequency clock signal, and, light emission is modulated 
according to the serial modulation signal, and, thus, 
each pixel of an image is formed according to the pixel 
clock frequency. In particular, in accordance with the in- 
vention, "each pixel of an image is formed according to 
the pixel clock frequency" means that "image formation 
on each pixel is performed according to the pixel clock 
frequency", i.e. pixels in the relevant image occur ac- 
cording to the pixel clock frequency. On the other hand, 
according to the present invention, each pixel is formed, 
in detail, according to laser emission modulation made 
according to the modulation signal having the higher fre- 
quency. 



Claims 

1. A pulse modulation signal generating circuit com- 
prising: 

a clock generating part (11) generating a high- 
frequency clock signal having a frequency high- 
er than that of a pixel clock frequency; and 
a serial modulation signal generating part (13) 
generating a serial modulation signal having a 



serial pulse sequence based on the high-fre- 
quency clock signal, 

wherein light emission is modulated accord- 
5 ing to the serial modulation signal, and, thus, each 
pixel of an image is formed according to the pixel 
clock frequency. 

2. The pulse modulation signal generating circuit as 
10 claimed in claim 1 , further comprising a modulation 

data generating part (1 2) generating modulation da- 
ta comprising a predetermined bit pattern according 
to given image data, said serial modulation signal 
generating part generating the serial modulation 
*5 signal based on the modulation data. 

3. The pulse modulation signal generating circuit as 
claimed in claim 2, wherein said modulation data 
generating part changes the number of bits of the 

20 modulation data. 

4. The pulse modulation signal generating circuit as 
claimed in clam 3, wherein said modulation data 
generating circuit makes the pulse occurrence rate 

25 on the modulation data uniform while changing the 
number of bits. 

5. The pulse modulation signal generating circuit as 
claimed in clam 3, wherein said modulation data 

30 generating circuit makes the pulse occurrence pat- 
tern on the modulation data unchanged while 
changing the number of bits. 

6. The pulse modulation signal generating circuit* as 
35 claimed in claim 2, wherein said modulation data 

generating part comprises a look-up table (1 22) for 
converting given image data into corresponding 
modulation data. 

40 7. The pulse modulation signal generating circuit as 
claimed in claim 6, wherein said look-up table com- 
prises a plurality of look-up tables (1221 through 
1226), and switching is made from among outputs 
of said plurality of look-up tables to determine one 
45 to be used according to the given image data. 

8. The modulation signal generating circuit as claimed 
in claim 7, wherein said plurality of look-up tables 
have different bit lengths 

50 

9. The modulation signal generating circuit as claimed 
in claim 7, wherein said plurality of look-up tables 
comprise two sets thereof, a first one comprising a 
plurality of look-up tables having different bit 

55 lengths, and a second one comprising a plurality of 
look-up tables corresponding to the configurations 
of said first one 
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10. The modulation signal generating circuit as claimed 
in claim 2, wherein said modulation data generating 
part comprises a decoder (123) decoding given im- 
age data into corresponding modulation data. 

1 1 . The modulation signal generating circuit as claimed 
in claim 2, wherein said modulation data generating 
part comprises a look-up table (1 22) for converting 
given image data. into corresponding modulation 
data, a decoder (123) decoding given image data 
into corresponding modulation data, and a selector 
(1 24) selecting the output of one of said look-up ta- 
ble and decoder. 

1 2. The modulation signal generating circuit as claimed 
in claim 1 , wherein said serial modulation signal 
generating part loads the modulation signal accord- 
ing to a given load signal and converts it into a . se- 
rial pulse sequence according to the high-frequency 
clock signal. 

13. The modulation signal generating circuit as claimed 
in claim'12, wherein said serial modulation signal 
generating part comprises a shift register 
(131-134). 

14. The modulation signal generating circuit as claimed 
in claim 12, wherein said serial modulation signal 
generating part comprises a plurality shift registers 
(131-134), and a selector (139) selecting one of the 
outputs of said plurality of shift registers. 

15. The modulation signal generating circuit as claimed 
in claim 14, wherein said plurality of shift registers 
operate according to a single clock signal having a 
frequency 1/M that of the high-frequency clock sig- 
nal, where M denotes a natural number more than 
1. 



1 6. The modulation signal generating circuit as claimed 
in claim 15, wherein said serial modulation signal 
generating circuit further comprises a phase adjust- 
er (138) adjusting phases of output pulses of said 
plurality of shift registers. 

17. The modulation signal generating circuit as claimed 
in claim 14, wherein said plurality of shift registers 
operate according to a plurality of phase clock sig- 
nals having a frequency 1/M that of the high-fre- 
quency clock signal, where M denotes a natural 
number more than 1 . 

1 8. The modulation signal generating circuit as claimed 
in claim 1 , wherein said clock generating part com- 
prises a PLL comprising a differential-type ring os- 
cillator (1130), wherein the high-frequency clock 
signal comprises a plurality of clock signals having 
different phases obtained as a result of a plurality 
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of phases are taken by said ring oscillator. 

1 9. The modulation signal generating circuit as claimed 
in claim 1 , wherein said clock generating part com- 
prises a PLL comprising a delay part (1141) delay- 
ing a reference clock signal so as to provide a plu- 
rality of clock signals having different phases, 
wherein the high-frequency clock signai comprises 
said plurality of clock signals having different phas- 
es obtained from said delay part. 

20. The modulation signal generating circuit as claimed 
in claim 19, wherein said clock generating part fur- 
ther comprises a control part controlling a delay 
amount on said delay part 

21 . The modulation signal generating circuit as claimed 
in claim 20, wherein said control part comprises a 
detection part detecting the delay amount on the 
clock signal obtained from said delay part, and an 
error amplifier. 

22. A semiconductor laser modulation device compris- 
ing: 

a semiconductor laser (201); 
a laser modulating part (230) modulating a I'as- 
er beam emitted from said semiconductor laser 
according to a pulse modulation signal; and 
the modulation signal generating circuit (222) 
claimed in claim 1 generating the pulse modu- 
lation signal to be used by said laser modulating 
part. 



35 23. An optical scanning device comprising: 

a semiconductor laser (201) ; 
a scanning optical system (202, 203, 204, 205, 
206, 207) deflecting a laser beam emitted by 
40 said semiconductor laser; 

a laser modulating part (230) modulating a la- 
ser beam emitted from said semiconductor la- 
ser according to a pulse modulation signal; and 
the modulation signal generating circuit (222) 
claimed in claim 1 generating the pulse modu- 
lation signal to be used by said laser modulating 
part. 
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24. An image formation device comprising: 

a semiconductor laser (201 ) ; 
a scanning optical system (202-207) deflecting 
a laser beam emitted by said semiconductor la- 
ser; 

an image forming part (208) forming an image 
according to the laser beam deflected by said 
optical scanning device; 
a laser modulating part (230) modulating a la- 
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ser beam emitted from said semiconductor la- 
ser according to a pulse modulation signal; and 
the modulation signal generating circuit (222) 
claimed in claim 1 generating the pulse modu- 
lation signal to be used by said laser modulating 5 
part. - 

25. The image formation device as claimed in claim 24, 
wherein said semiconductor laser (301 , 302) is con- 
figured such as to emit a plurality of-laser beams 10 
simultaneously. 

26. An exposure method comprising the steps of: 

a) driving a light-emitting unit according to mod- 1$ 
ulation signal; and 

b) exposing a photoconductor white scanning it 
with a laser beam emitted by said light-emitting 
unit, 

20 

wherein: 

the modulation signal comprises a pulse se- 
quence; and 

an exposure energy distribution'in which the 25 
photoconductor is exposed is determined as a 
result of control of both a pulse width and a 
pulse pattern of the pulse sequence. 

27. The method as claimed in claim 26, wherein, as a 30 
result of control of the exposure energy distribution, 

a density of a latent image formed on the photocon- 
ductor is controlled at each position. 

28. The method as claimed in claim 26, wherein, as a 35 
result of control of the exposure energy distribution, 

a density of a latent image formed on the photocon- 
ductor is controlled on each pixel. 

29. The method as claimed in claim 26, wherein the ex- 40 
posure energy distribution is controlled not only by 
control of total light'-emission time interval during 
each unit time but also by control of light-emission 
timing there. 

30. The method as claimed in claim 26, wherein the ex- 
posure energy distribution is controlled not only by 
control of total light-emission time interval for each 
pixel but also by control of light-emission timing 
therefor. 

31. The method as claimed in claim 26, wherein: 

modulation in the modulating signal is made in 
synchronization with an image clock signal; 55 
a scanning speed on the photoconductor is de- 
tected; and 

phase of pulses of the image clock signal is 
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controlled according to the thus-detected scan- 
ning speed. 

32. The method as claimed in claim 31 , wherein 

a polygon mirror is used for scanning the . 
photoconductor; 

the detected scanning speed is stored for 
each of the number of polygon surfaces of the pol- 
ygon mirror; and 

phase of pulses of the image clock signal is 
controlled according to the thus-detected scanning 
speed for each polygon surface. 

33. An exposure device comprising: 

a part (301 9) driving a light-emitting unit (301 2) 
according to modulation signal; and 
a part (301 1 , 301 3) exposing a photoconductor 
(301 4) while scanning it with a laser beam emit- 
ted by said light-emitting unit, 

wherein: 

the modulation signal comprises a pulse se- 
quence; and 

an exposure energy distribution in which the 
photoconductor is exposed is determined as a 
result of control of both a pulse width and a 
pulse pattern of the pulse sequence. 

34. The exposure device as claimed in claim 33, where- 
in, as a result of control of the exposure energy dis- 
tribution, a density of a latent image formed on the 
photoconductor is controlled at each position. 

35. The exposure device as claimed in claim 33, where- 
in, as a result of control of the exposure energy dis- 
tribution, a density of a latent image formed on the 
photoconductor is controlled on each pixel. 

36. The exposure device as claimed in claim 33, where- 
in the exposure energy distribution is controlled not 
only by control of total light-emission time interval 
during each unit time but also by control of light- 
emission timing there. 

37. The exposure device as claimed in claim 33, where- 
in the exposure energy distribution is controlled not 
only by control of total light-emission time interval 
for each pixel but also by control of light-emission 
timing therefor. 

38. The exposure device as claimed in claim 33, where- 
in: 

modulation in the modulating signal is made in 
synchronization with an image clock signal; 
a scanning speed on the photoconductor is de- 
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tected by a detecting part (3017, 3018); and 
phase of pulses of the image clock signal is 
controlled according to the thus-detected scan- 
ning speed. 

39. The exposure device as claimed in claim 38, where- 
in 

a polygon mirror (3011) is used for scanning 
the photoconductor; 

the detected scanning speed is stored for 
each of the number of polygon surfaces of the pol- 
ygon mirror; and 

phase of pulses, of the image clock signal is 
controlled according to the thus-detected scanning 
speed for each polygon surface.. 

40. An image formation device, comprising: 

a part (301 9) driving a light-emitting unit (301 2) 
according to modulation signal; and 
a part (3011 , 3013) exposing a photoconductor 
(3014) while scanning it with a laser beam emit- 
ted by said light-emitting unit, so as to form a 
latent image on the photoconductor, 

wherein: 

the modulation signal comprises a pulse se- 
quence; and 

an exposure energy distribution in which the 
photoconductor is exposed is determined as a 
result of control of both a pulse width and a 
pulse pattern of the pulse sequence. 

41 . An optical modulation signal generating circuit gen- 
erating a modulation signal for exposing a photo- 
conductor, comprising: 

a part (3026) generating a pulse sequence as 
the modulation signal; and 
a part (3027) controlling of both a pulse width 
and a pulse pattern of the pulse sequence so 
as to control an exposure energy distribution in 
which the photoconductor is exposed., 

42. The optical modulation signal generating circuit as 
claimed in claim 41 , wherein, as a result of control 
of the exposure energy distribution, a density of a 
latent image formed on the photoconductor is con- 
trolled at each position. 

43. The-optical modulation signal generating circuit as 
claimed in claim 41 , wherein, as a result of control 
of the exposure energy distribution, a density of a 
latent Image formed on the photoconductor is con- 
trolled on each pixel. 



claimed in claim 41 , wherein the exposure energy 
distribution is controlled not only by control of total 
light-emission time interval during each unit time but 
also by control of light-emission timing there. 

5 

45. The optical modulation signal generating circuit as 
claimed in claim 41 , wherein the exposure energy- 
distribution is controlled not only by control of total 
light-emission time interval for each pixel but also 

io by control of light-emission timing therefor. 

46. The optical modulation signal generating circuit as 
claimed in claim 41 , wherein: 

modulation in the modulating signal is made in 
synchronization with a image clock signal; 
a scanning speed on the photoconductor is de- 
tected by a detecting part (3017, 3018); and 
phase of pulses of the image clock signal is 
controlled according to the thus-detected scan- 
ning speed. 

47. The optical modulation signal generating circuit as 
claimed in claim 46, wherein 

a polygon mirror (3011) is used for scanning 
the photoconductor; 

the detected scanning speed is stored for 
each of the number of polygon surfaces of the pol- 
ygon mirror; and 

phase of pulses of the image clock signal is 
control-led according to the thus-detected scan ning 
speed for each polygon surface. 
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44. The optical modulation signal generating circuit as 
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